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_ The propu!smn system of the
Px-15 research bathyscaphe

:_Delcﬂpr!on of the novel propulsion system lor the

 squirrel~cage motors. Before final assembly, the piant wes, .

‘built by AEG-TELEFUNKEN in co-operation with the -PLEU-
GER-UNTERWASSERPUMPEN company for the PX-16 re-
‘search bathyscaphe bullt by Dr. Plccard {Lausanne) for the
I Grumman Alecraft Engineering Gorporation. For the electrlo
%il! drive’ system, the spacification demended that the drive
‘motors = walerfilled three-phase squirrel-cage Induction
‘motors = should be fed from a battery. '
"Fig. 1 shows the model of the PX-i6 bathyscaphe with the
aterally atiached tliting drive, motors. The possible usas of
‘the PX-16 In the increasingly important fleld of oceanlo re-
"gearch as well as its design and technlosl characterisiics
have aiready been desoribed [1).

Propulalon uymm
The propulsion system of the PX-15 bathyscaphe consisis

27 The PLEUGER submersiblea motors are waterfilied, eight-

., 720 rpm. The water filling of the riotor lubricates the soft
- rubber beerings, cools the winding and also serves as &
' upport medium against the waler pressure during diving.

. The power source Is & battery arranged in the keel of the
* bathyscaphe. This battery has a cepacity of 2500 Ah at an

' PX=15 research bathyscaphe, using inverter-ied threc-p}me e ) ‘
" Fig. 2. Arrangement of pfepm.lon and |Illlng motors lonoﬂnr wlm m-
‘-.' _power aupply system , . : L, .

" ¥'1 . Battory Jor 2500 Ah ' i
2. Thyrlllor puine Invertor for prepulalonmm g

. .44 Propulsion motois,

‘A new propulslon #nd eontroi system waa dmloped and'.

“of four Individual units. Each unit consists of a PLEUGER -
: gubmersible motor and a tilting gear with an’ auxiliary motor. -

' pole squirrel-cage motors with an output of 25PS each at - o'

" aversge vollage of 304 volts and forms a d.c."voltage source
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3 Thizistor lovorter lof I?lllngnm A

.6 Titting molors . -

Fig. 3, ast bed lnstaiiation of two drive unils

which teedn the three-phase squirrel-cage molors via . In-
vorters. The Inverters are arranged for a variable outpul .
voltage and frequency, each inverter sesving two motors. The .
nwltchgear Inulalled allows any desired. invertar/motor com- ,.—f
blnlllon.. . .
The four .motor outriggers can each be tilted lhrough 360' v
The tilting shaft is driven via a worm gear by a PLEUGER
submersible motor with &n output of 0.5PS at 1700 rpm,
These motors are also fed from the battery vis inverters.

Fig. 2 shows the general arrangement of the propulsion and -
tiiting motors on the PX-16 bathyscaphe as well as their i
electric supply system.

‘Fig. 3 illustrates the tast bed setup of iwo drive units In lho
test basin of the' PLEUGER company. In this photograph the . §;
pmpulslon motors are shown In the horizontal position and
the tilting motors and their mmmlalon gear i the vartleal -"-
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h'u to vary the oulput voltage of the inverter, Bacause of the
i;, . wide speed setling range the pulse method was .used for the
’,‘ voltage variation In the inverier, ~

P ' Fig. 4 shows the baslo clroult diagram of the pulse inverter
“ i Ejuud In' & threc-phase bridge circuit. The voitage variation
..'.; .by the pulse method makes it necassary that the main valves
oanbotumodonandoﬂnlmymomant.‘rhhllmmed
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 Fig. 8. Puise Ill'nmr I'aldlnﬂ lwoﬂPG PLEUGER MMI'MIM " "'-
.. propuision of the PX-15 tesearch bllhyulph. ol N i
. Oulput power: 60 KVA . U
'+ Output veltage: 220 V (thrn-phno) alloohf
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by uslng thyristors which can be turned off by means ol L
capacitor circuit, In addition te the capacilor, this requsrqﬂ
an nuxlllary thyristor, a diode and a choke.. Fig. 4 also showd
‘the ; uomplato turn-off clrcuit. The advantage of voltage’
varlauon by the pulse method as compared with delayed

- commutation resides in the fact that the output’ voltage
- contalns no additional harmonics even ot a consldetubly
Lo redueed voltage.
! The' spesd of the motors Is variad by the variable !requenny
. of the invarter. This principle of frequency control solves
- the 'probiem ©f speed adjustment for the propulsion drive

without a tachogenerator. An alectronic limit-vaiue device
prevents the motor slip from becoming excessive. The motor

- voltage is adjusted by a control circult specially provldgd

for Ihe purpose. To improve the shape of the mdtor current
curve. the voltage regulator operates with Infruposad eurrem

" regulation. ’

‘4 . The control principle outlined above can be used for the
" . propulsion moators of the PX-15 bathysespha sinee no impact

- loads can occur. la additien, only a limited rate ot spesd

variation is required of the drive In thw cese of suddén

" ehanges in the refersncs valua. The abave conirol principly
4. . allows reversal of the direction o rotation end fedd-bask d
.the battery during manmuvring. :

Fig. 5 shows.a pulse inverter for two propulslon mtova, T‘ta
lolli-hand sido’ of the framo contalns the threc bridge arrns
of the Inverier with the top-mounted fan. Tha bridge arms
are &f tray-mounted unit construction. in addition to the thy-
rlslon. they contain the fuses, the pulse transtormers, the
R-C ‘elements for the thyristors and the commutating ele=
menta. On the right-hand side, the frame contains tha invarter
oontrol equipment In the upper plug-ln unit, while tha fitar
clemsnts and auxiliary equipment. are accommodated In the

Iower plug-in units,

l
Trlal ‘operation of the propulsion unit and control equipmant

In ihe test basin
An inverter and two PLEUGER submérsible motors were

uaed; to test the equipment and to carry out a number of
. studles, such as determination of the load characteristics for
- . efficlency ocalcuiation, verification of tha control responss

of the drive, elc. Fig.6 shows ono result of these measure-

- menti;. The power input and the power output of the Inverter

weralmnaaured as a function of the speed, using two molors,
Dependlng on the propelier load on tha two motors, the

. -pomr delivared increases approxlm.mly wuh lhe Ihlrd

of the opud. . vl
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‘the power consumed by the control system. At maxlmurn e

‘- propeller speed the Inverter efficiency is 85 %.
i Thisvery satisfactory efficlency at full load and the favourable - Blhllography

Y ol the. olecu'lw_ oqulpment for .the propulslon moton. ro-

" behaviou¢ under partial load, combined with the low walght l‘ll v 3.,...,.,..,, p.mumm m., AﬁG-MIlL " “m
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"The plotting of the Jnverter officlency determined from the “preseni & vnlunbla contribution” 10 the effort of giving !
values, Pyq) and Py takes Into account the fan losses and - PX-1G bathyscapho \ho Iargul pomble rhdlul oI ucllon.




